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Abstract: Background: This large-scale cluster-randomised controlled 
trial (cRCT) evaluated use of facemasks against laboratory-confirmed 
viral respiratory tract infections (vRTIs) and clinical respiratory 
infection (CRI) because previous studies have been inconclusive. 











Methods: An open label cRCT, conducted in Makkah compared the offer and 
use of 50 surgical facemasks worn over five days versus no facemasks 
among pilgrims. Cluster-randomisation was by accommodation tents 
stratified by country and gender. Tents were allocated to groups by coin- 
tossing. Neither participants nor recruiting investigators could be 
blinded to the intervention. Facemask use and respiratory symptoms were 
recorded daily and nasal/pharyngeal swabs were collected from symptomatic 
participants for detection of respiratory viruses. Clinical and 
laboratory data were analysed for facemask efficacy against laboratory- 
confirmed vRTIs and CRI. The trial is registered with the Australian New 
Zealand Clinical Trials Registry, number ACTRN12613001018707. 























Findings: From October 13 to 17 in 2013, October 2 to 6 in 2014, and 
September 22 to 26 in 2015, 7,687 adult participants from 318 tents were 
randomised to facemasks or no facemasks; 3,864 participants from 149 
tents were assigned to the Facemask group and 3,823 participants from 169 
tents to the Control group. In the Facemask arm, respectively 27% and 51% 
participants used facemasks daily and intermittently, 22% did not; in the 
Control arm, respectively 15% and 38% participants used facemasks daily 
and intermittently, 47% did not. Respiratory viruses were detected in 277 
of 650 (43%) nasal/pharyngeal swabs from symptomatic pilgrims. In 

















intention-to-treat analysis, facemask use was neither effective against 
laboratory-confirmed vRTIs (OR 1.35, 95% CI 0.88-2.07) nor against CRI 
(OR 1.1, 95% CI 0.88-1.39), not even in per-protocol analysis (OR 1.2, 
95% CI 0.87-1.69; OR 1.3, 95% CI 0.99-1.83). 





Interpretation: Facemask use does not prevent clinical or laboratory- 
confirmed viral respiratory infections among Hajj pilgrims. 





Funding: Qatar National Research Fund (number: NPRP 6-1505-3-358). 
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Summary 


Background This large-scale cluster-randomised controlled trial (CRCT) evaluated use of 
facemasks against laboratory-confirmed viral respiratory tract infections (vRTIs) and clinical 
respiratory infection (CRI) because previous studies have been inconclusive. 

Methods An open label cRCT, conducted in Makkah compared the offer and use of 50 
surgical facemasks worn over five days versus no facemasks among pilgrims. Cluster- 
randomisation was by accommodation tents stratified by country and gender. Tents were 
allocated to groups by coin-tossing. Neither participants nor recruiting investigators could be 
blinded to the intervention. Facemask use and respiratory symptoms were recorded daily and 
nasal/pharyngeal swabs were collected from symptomatic participants for detection of 
respiratory viruses. Clinical and laboratory data were analysed for facemask efficacy against 
laboratory-confirmed vRTIs and CRI. The trial is registered with the Australian New Zealand 
Clinical Trials Registry, number ACTRN12613001018707. 

Findings From October 13 to 17 in 2013, October 2 to 6 in 2014, and September 22 to 26 in 
2015, 7,687 adult participants from 318 tents were randomised to facemasks or no facemasks; 
3,864 participants from 149 tents were assigned to the Facemask group and 3,823 participants 
from 169 tents to the Control group. In the Facemask arm, respectively 27% and 51% 
participants used facemasks daily and intermittently, 22% did not; in the Control arm, 
respectively 15% and 38% participants used facemasks daily and intermittently, 47% did not. 
Respiratory viruses were detected in 277 of 650 (43%) nasal/pharyngeal swabs from 
symptomatic pilgrims. In intention-to-treat analysis, facemask use was neither effective 
against laboratory-confirmed vRTIs (OR 1-35, 95% CI 0-88—2-07) nor against CRI (OR 1-1, 
95% CI 0-88—1-39), not even in per-protocol analysis (OR 1-2, 95% CI 0-87—1-69; OR 1-3, 


95% CI 0-99—1-83). 


Interpretation Facemask use does not prevent clinical or laboratory-confirmed viral 
respiratory infections among Hajj pilgrims. 


Funding Qatar National Research Fund (number: NPRP 6-1505-3-358). 


Key words: Cluster randomised controlled trial; Facemask; Hajj; Pilgrim; Viral respiratory 
infection. 


Introduction 


Viral respiratory tract infections (VRTIs) are a major public health burden, causing serious 
disease especially in vulnerable populations. Influenza-associated lower respiratory tract 
disease alone causes over 54 million infections per year, with 8 million cases of severe illness, 
and 145,000 deaths across all age groups.’ Ever-increasing and faster international travel 
intensifies the transmission of influenza, especially in the setting of mass gatherings (MGs) 
such as Hajj pilgrimage in Makkah.” Non-pharmacological interventions such as facemasks, 
hand hygiene, social distancing, quarantine and institution closure may complement 
pharmacological measures like vaccination and antiviral use in the prevention and control of 
influenza and other vRTIs.* 

While there is clinical and experimental evidence that surgical masks and respirators reduce 
virus transmission from infected patients, randomised controlled trials (RCTs) examining the 
effectiveness of facemasks in household, community or healthcare settings have been either 


410 While none of these studies found facemask use to 


conflicting or inconclusive. 
significantly prevent clinical respiratory infections (CRI), one study did find protective 
efficacy of intermittent use of facemask against laboratory-confirmed influenza among 
households in a per-protocol analysis.” 

Systematic reviews of RCTs conducted in community or healthcare settings show that 
wearing facemasks 15 protective against influenza-like illness (ILI), but not against laboratory- 
confirmed vRTI. The discrpenacy is thought to be due to inadequate sample size. 
Therefore we designed a large cluster-randomised controlled trial (CRCT) over three years 


among Hajj pilgrims to evaluate the efficacy of facemasks against laboratory-confirmed 


vRTIs.'? 


Methods 


Study design 


This was an open label cRCT conducted during Hajj in Mina, Greater Makkah, Saudi Arabia 
among pilgrims from Saudi Arabia, Australia and Qatar over three Hajj seasons, 2013—2015. 
Mina is an uninhabited valley at the outskirts of Makkah and has about 30,000 tents to 
accommodate pilgrims for up to five days as part of Hajj rituals. Generally, 50-150 pilgrims 
occupy each large tent, allocated by gender and country of origin, but tents with a much 
smaller number also exist. Pilgrims in each tent sleep close to each other, head-to-head, have 
meals and perform rites together hence are considered a cluster. 

Ethical approval for this study was obtained in Saudi Arabia from the Institutional Review 
Board of King Abdullah Medical City (KAMC), Makkah, (IRB Ref. No.: 15-205), in 
Australia from the Hunter New England Human Research Ethics Committee (HNEHREC 
Reference No: 13/07/17/3.04), and in Qatar from the Joint Institutional Review Board of 
Hamad Medical Corporation/Weill Cornell Medical College (Ref: 13-00039). 

A pilot RCT was conducted in Hajj season 2011 among Australian Hajj pilgrims to examine 
the feasibility of such a study and inform power calculations.“ Subsequently the trial protocol 
was devised and published.” 

Participants 

Hajj pilgrims aged >18 years from participating countries staying in their allocated tents and 
able to provide signed informed consent were included. Participants aged <18 years or who 
had a known contraindication to mask use, had participated in another RCT investigating a 
medical intervention, or refused or were unable to sign the consent form were excluded. 
Randomisation and masking 

The Hajj tour group leaders for 346 tents, occupied by pilgrims from Saudi Arabia, Qatar and 
Australia, were asked before Hajj to facilitate the study and 318 agreed. The randomisation 
unit of this trial was the accommodation tent stratified by country and gender. Although as per 


protocol computer-generated random number by an offsite research coordinator was planned, 


this was impractical in the field so that coin-tossing by an individual who was not a member 
of the research team (eg, a fellow pilgrim who was not a participant in the trial, a tour 
operator or a medical volunteer at Hajj who was not a stdy team member ) was used to 
allocate an intervention. As the intervention of wearing a facemask was visible to participants 
and investigators, the trial could not be blinded, laboratory staff could be, and were blinded to 
the intervention. 

Trained research team members approached adult pilgrims aged 18 years or older in their 
assigned tents and explained the study in detail on the first day of Hajj (October 13" in 2013, 
October 2™ in 2014 and September 22" in 2015). Each research team member was assigned 
to about 15 participants from the first day of Hajj. The researchers gave pilgrims an 
information sheet and answered their queries. Pilgrims who agreed to participate in the study 
and signed an informed consent were included, asked to complete a baseline questionnaire 
and provided with a health diary in their preferred language (Arabic or English) to complete 
daily during the trial. Each participant was identified with a unique barcode number for use on 
their consent form, baseline questionnaire, health diary and any clinical specimens taken. A 
post-Hajj diary for an additional three days was attempted but because the return rate was 
negligible, this information was not considered for analysis. 

The consent form and the baseline questionnaire were collected on the first day, but 
participants retained diaries for completion over the next four days of Hajj rituals while they 
were actively followed (Figure 1). 

Procedures 

Each participant in the Facemask group was provided with 50 surgical facemasks (3M™ 
Standard Tie-On surgical mask, Cat No: 1816) in addition to verbal and printed instructions 
about appropriate facemask usage. Pilgrims in the Control group were not provided with 


facemasks and instructions, but could use their own masks if they chose to do so. All pilgrims 


in both study arms were asked to record their facemask usage (including number of masks 
used and hours worn each study day) in their health diary daily for five consecutive days. For 
the analysis, pilgrims who used at least one facemask each day during Hajj were considered to 
have used a facemask during that day. 

Outcomes 

The primary objectives were to assess the role of facemasks in preventing the acquisition of 
laboratory-confirmed vRTIs and symptomatic respiratory infection. Thus the first primary 
endpoint was the efficacy of facemasks against laboratory-confirmed vRTIs, and the second 
primary endpoint was the efficacy of facemasks in CRIs among participants. 

The research team actively searched for participants who developed respiratory or systemic 
symptoms on any day of the study, and asked them to record these symptoms into their health 
diary. They collected a nasal/pharyngeal swab from participants who developed subjective 
fever plus one respiratory symptom, or two or more respiratory symptoms without fever. 

A total of 464 volunteer researchers were trained by the principal investigators before the 
study period. Training activities included how to approach pilgrims, trial processes, data 
collection, follow-ups, and sample collection and storage. Study team members were oriented 
to good clinical practice guidance for the conduct of clinical trials by the International 
Conference on Harmonisation. 

From pilgrims with symptoms suggestive of respiratory infection a researcher collected a 
nasal or pharyngeal swab (FLOQSwabs™; COPAN Diagnostics Inc., Murrieta, CA) and 
placed it into UTM™ (COPAN) viral transport media. Symptomatic pilgrims were given 
generic medications for fever and pain, usually paracetamol. 

Swabs labelled with the participant’s unique barcode number were stored in an icebox at - 
20°C, before being re-stored by day’s end іп a —80°C freezer at the laboratory of the Hajj 


Research Center at Umm Al-Qura University, Makkah. After Hajj, these swabs were shipped 


in refrigerated or cold containers to the Centre for Infectious Disease and Microbiology 
Laboratory Services, Westmead Hospital, NSW, Australia. There, nucleic acid was extracted 
with the Qiagen bioROBOT EZ instrument (Qiagen, Valencia, CA), and amplification was 
performed using the Roche LC 480 (Roche Diagnostics GmbH, Mannheim, Germany) 
instrument. Respiratory viruses were detected using a real-time, multiplex polymerase chain 
reaction (PCR) assay targeting human coronaviruses (OC43, 229E and NL63), influenza A 
and В viruses, respiratory syncytial virus (RSV), parainfluenza viruses 1—3, human 
metapneumovirus, rhinovirus, enterovirus and adenovirus. Middle East respiratory syndrome 
coronavirus (MERS-CoV) assay targeting the upstream region of the E gene (upE) was also 
performed. 

Statistical analysis 

Data from baseline questionnaires and health diaries were entered by trained research staff 
into customised web-based forms (WUFOO®, https://www.wufoo.com), and extracted into 
Excel sheets. Data checking against paper records was undertaken by four dedicated 
researchers (MA, OB, A-MB, МТ). 

Statistical analysis was performed using the SPSS Statistics® v25 (IBM, Chicago, IL, USA) 
and checked by a statistician using SAS V.9.3. 

Assuming that the prevalence of symptomatic vRTIs is 30% in controls and the prevalence of 
laboratory-confirmed vRTIs in controls is approximately 12%, the intervention would be 
considered clinically worthwhile if it reduced the prevalence of syndromic or laboratory- 
confirmed vRTIs by 50%. 

Assuming a moderate intra-cluster correlation of 0-1 and a mean of 75 participants per cluster 
(tent), and inflating the sample by a factor of 8-4 to account for clustering, the sample size 
required for a CRCT to detect a reduction from 12% to 6% with 80% power at 5% 


significance is 2,976 per arm. An additional inflation factor of 1-18 was included to allow for 


up to 15% loss to follow-up or incomplete outcome data. This results in a sample size of 
approximately 3,500 participants per treatment arm, making a total of 7,000. 

A descriptive analysis to compare the characteristics of participants in the two arms 
(Facemask and Control, both at tent level and at individual participant level, as appropriate) 
was performed. Categorical variables were described using frequencies and percentages and 
were compared, where appropriate, by using the Chi-squared test. Continuous data described 
using the mean and standard deviation, and were compared by the Student’s t-test. The 
number or proportion of participants with missing data were reported for all variables, but 
comparisons between groups only included known values, except where otherwise specified. 
P values (p) and 95% confidence intervals (CIs) were presented without adjustment. 

The first and second primary endpoints were analysed by intention-to-treat (ITT) analysis and 
participants were analysed according to their randomised treatment group regardless of 
treatment actually received. Outcomes were analysed using a generalised estimating equation 
(GEE) statistical model that accounted for the binary distribution of the data and the 
correlation between participants in the same tent, assuming an exchangeable correlation 
structure. 

Exploratory multivariable analyses examined the effect of randomised treatment on outcomes 
in models adjusted for demographic factors, facemask usage and compliance with treatment. 
Subgroup analyses were conducted to compare the effect of treatment between groups of 
participants: male versus female, those with known risk factors versus those without risk 
factors or risk status unknown for vRTIs, vaccinated against influenza versus unvaccinated, 
smoker versus non-smoker, compliance with daily facemask use versus non-compliance, and 


by pilgrim’s country of origin. 
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Subgroup analyses used the same statistical model as the primary outcomes and included an 
interaction term between randomised treatment and subgroup. If the p value for the interaction 
term was <Q-05, the effect of treatment was described separately within each subgroup. 
Primary analysis included all participants who reported symptoms at any time during the 
study period. Eighteen participants who failed to report symptoms were excluded, but those 
(n=675) who reported symptoms only at baseline (ie, on day 1) were included. A per protocol 
analysis was undertaken amongst participants who were compliant with instructions at 
randomisation and reported symptoms daily after the baseline time point. An analysis was 
performed on participants who were symptom-free at baseline and who completed symptom 
reports at least once after baseline (ie, on day 1). 

For the primary analysis, pilgrims who did not report symptoms daily were assumed to have 
no change in their symptoms compared to the most recent reporting day. Those who reported 
no symptoms on any study day were assumed to have never developed symptoms while those 
who reported symptoms on any day were considered symptomatic. 

Role of the funding source 

This study was supported by a National Priorities Research Program grant (NPRP 6-1505-3- 
358) from the Qatar National Research Fund (a member of Qatar Foundation). The funding 
body had no role in study design, data collection, data analysis, data interpretation, or writing 
of the report. The corresponding author had full access to all the data in the study and had 
final responsibility for the decision to submit for publication. 


Results 


A total of 318 tents that housed 11,227 pilgrims were recruited in both study arms over three 
Hajj seasons (13—17 October in 2013, 2—6 October in 2014 and 22—26 September in 2015) . 


The number of occupants in each tent varied according to the size of the tent, ranging from 6 
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to 150 pilgrims per tent. The total number of participants across all study years was 7,687 
with an average participation rate of 69% (7,687/11,227) (ranged from 10% to 100% per tent). 
Of the total 7,687 participants, 3,864 from 149 tents were assigned to Facemask and 3,823 
from 169 tents were assigned to Control group. Their age ranged from 18 to 95 years (median 
34, mean 37, standard deviation [SD] 12 years), with 54% female, 6,998 (91%) were from 
Saudi Arabia and Qatar, and the rest were from Australia. A large proportion of pilgrims 58% 
(4,428/7,687) were recruited in the third year, 2015. The baseline characteristics are shown in 
Table 1. 

Overall facemask use was low, even in the Facemask tents, with only 25% of participants 
using facemasks daily. Conversely, in the Control tents 14% participants used facemasks 
daily (Table 2). More participants in the Facemask group had used a facemask before the 
actual Hajj compared to those assigned in the Control group (28% versus 25%, p=0-0008) 
(Table 1). Over the study years, the use of facemasks in both groups combined decreased 
from 26% in 2013 to 22% in 2014 and 19% in 2015 (p<0-0001). Slightly more pilgrims in the 
Facemask group than in the Control group reported frequent hand washing during Hajj, 
including their ritual ablutions (69% versus 66%, p=0-009) (Table 2). 

The proportion of pilgrims who participated in the study and used facemasks ranged between 
0% and 50% per tent and that of pilgrims who reported developing CRI in each tent ranged 
between 0% and 46%. Linear regression showed no association between facemask use and 
CRI prevalence in individual tents (slope y=0-04, 95% CI-0-03 to 0-11; p=0-25) (Figure 2). 
The most common side effects of using facemask were difficulty in breathing (26%) and 
discomfort (22%); a small minority (3%) reported feeling hot, sweating, a bad smell, or 
blurred vision with eyeglasses (Figure 3). 

A total of 650 nasal/pharyngeal swabs were collected from symptomatic pilgrims in both 


groups. Overall, one or more respiratory viruses were detected in 277 (43%) of samples 


12 


tested. The most prevalent viruses were rhinovirus (35%), influenza, including A/H1N1 and 
A/H3N2 (5%), enterovirus (2%), and 2% had dual infections (Table 3). 

In the ITT analysis, allocation to facemask use was not associated with reduced laboratory- 
confirmed vRTIs (odds ratio [OR] 1-35, 95% CI 0-88 to 2:07; p=0- 18) or CRI (OR 1-10, 95% 
CI 0-88 to 1-39; р=0:40). 

In subgroup analysis, there was evidence of a difference in the effect of the intervention 
between pilgrims who did and did not receive the influenza vaccine (interaction p=0-004). For 
vaccinated participants, there was no difference between the Facemask and Control groups in 
developing CRI, but in non-vaccinated participants there was a higher rate of CRI in the 
Facemask group (13% versus 10%, OR 1-4, 95% CI 1-0 to 2:0; p=0-03). Moreover, females 
in the Facemask group acquired more laboratory-confirmed vRTIs than females in the Control 
group (44% versus 29%, OR 1-9, 95% CI 1-2 to 3-0; p=0-004) (Table 4). 

In a per-protocol analysis (including only participants allocated to the Facemask group who 
used facemasks daily, and participants allocated to the Control group who never used any 
facemasks) there was no benefit of facemask in preventing laboratory-confirmed vRTIs (OR= 
1-21, 95% CI 0-87 to 1-69; р=0:26) or CRI (OR 1-34, 95% CI 0-99 to 1-83; p=0-06) (Tables 
5 and 6). 


Discussion 


This cRCT showed that those randomised to facemask use had no apparent benefit against 
laboratory-confirmed or clinical vRTIs. These findings are similar to that of other smaller 
RCTs which examined the role of facemasks against clinical or laboratory-confirmed vRTIs 
in various settings that found no evidence of facemask benefit against clinical or proven 
respiratory infections.°’” Systematic reviews of available studies failed to demonstrate 


12,13,16,17 
ТИ 


significant efficacy of facemasks against clinical ог laboratory-confirmed vRTIs. е 


large sample size in our CRCT enabled the comparison of a much larger number of clinical 
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infections (Facemask: Control= 354: 322) and many more laboratory-confirmed infections 
(Facemask: Control = 96: 60) with higher power than the other RCTs combined. A systematic 
review of 13 studies conducted at Hajj showed a significant protective effect of facemasks 
against all respiratory infections at Hajj (relative risk [RR] 0-89, 95% CI: 0-84—0- 94; p<0-01) 
but individually only four studies demonstrated a significant effect of facemask against CRI, 
only two studies provided data on laboratory-confirmed infection and no individual study 
showed a significant effect.'* 

Facemask use may have been harmful among some participants such as those who were not 
vaccinated against influenza, and women. Unvaccinated pilgrims in the Facemask group had a 
higher rate of CRI than their counterpart in the Control group (13% versus 10%, p=0-03) 
which suggests vulnerability of unvaccinated pigrims to ILI. A previous study demonstrated 
that prevalence of ILI among Hajj pilgrims was inversely proportional to their influenza 
vaccination uptake, "° and meta-analysis of data from six observational studies suggested 
influenza vaccine to be significantly protective against laboratory-confirmed influenza among 
Hajj pilgrims (RR 0-56; 95% CI 0-41—0-75).”° More symptom development among facemask 
users have been reported in at least one other study in Hajj setting where 20-7% pilgrims who 
used a facemask reported fever compared with 15-6% who did not (р<0-01).2' 

It is unclear why females in ће Facemask group were at higher risk of acquiring laboratory- 
confirmed vRTIs than in the Control group (44% versus 29%; p=0-004). This could be related 
to Saudi women’s preference for using facecover over a facemask. Over 70% female pilgrims 
use a face veil during Hajj: one fifth of them use both face veil and mask. Compared with 
users at all times in public, women who use a facecover only occasionally (43-2%) or never 
(44-290) tended to have higher rates of CRL” Although we did not assess efacecover use by 


female pilgrims in our study, given that most pilgrims used facemasks only occasionally, the 
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higher rate of VRTIs among women might be due to intermittent use of facecover, though 
there could be other factors that remain unexplored at this stage or possibly a type 1 error. 
Lack of facemask effectiveness could be attributed to poor facemask use among participants 
(only 27% used daily and 51% used intermittently in the Facemask group), and the substantial 
proportion of participants in the Control tents who used facemasks, possibly reducing the 
ability of the study to detect differences in infection rates between the two arms. 

Reported compliance in facemask use during MG settings varies widely. For instance, at Hajj 
the uptake of facemask use generally varies between 24% and 64%, while rarely it can be as 
low as 0-02% to as high as 93%.'%А high rate of facemask use (80%) was observed among 
French Hajj pilgrims during the 2009 influenza pandemic year,” compared to about 54% ina 
non-pandemic year.” Pilgrims from Southeast Asia (eg, Malaysians) are more used to using 
facemasks during Hajj .” The lower uptake of facemasks among participants in our cRCT is 
similar to the poor uptake among Saudi Arabian (35-57%) and Australian pilgrims (53-57%) 
observed in previous surveys. * Although 78% in the Facemask group used facemasks, only a 
minority used them regularly (27%). The most common reasons for non-compliance, 
difficulty in breathing and feeling of discomfort (Figure 3), found also in previous surveys 
among Hajj pilgrims," limited the use of facemasks in this CRCT. 

In addition to poor compliance, poor facial fit might explain inadequate protection against 
vRTIs. In the present study surgical facemasks were used and our results may not be 
applicable to the use of N95 respirators, as these, if properly fitted, provide superior 
protection against CRI due to improved face-seal. However, N95 respirators are too expensive 
for public use, may be difficult to put on and uncomfortable to wear, and their inappropriate 
use might lead to accidental contamination, increasing the risk of acquiring vRTIs. 
The detection rate of respiratory viruses (43%) in our trial was higher than that reported in 


other studies (4-15%),”* possibly due to the active case ascertainment strategy employed, 


15 


including close follow-up of the symptomatic participants. However, the distribution of the 
viruses was similar to that in other studies: ie, predominance of rhinovirus, followed by 
influenza, enterovirus, parainfluenza virus, coronavirus, adenovirus, RSV and others.” The 
prevalence of rhinovirus ranged from 5-9-48-8%, and the proportional contribution of 
influenza viruses ranged from 4-5—13-9%, with influenza A being the most predominant in 
most studies.” 

No MERS-CoV was detected among the studied participants. Since the emergence of MERS- 
CoV in Saudi Arabia in 2013, transmission of this virus from Hajj has been feared to cause a 
global outbreak. Because of this threat, multiple surveillance studies among >10,000 pilgrims 
from various countries have been undertaken but have identified no Hajj-related case.” 

To our knowledge this is the largest study on facemask efficacy against vRTIs. It was 
conducted in a unique MG setting where the transmission of vRTIs is known to be high. 
Nevertheless it does have the following limitations. Participants were followed up directly for 
only four days. Longer follow-up was attempted through post-Hajj surveillance, but the low 
compliance precuded any meaningful analysis. Pilgrims moving from place to place to 
accomplish Hajj rites made it difficult for researchers to follow them as well as was aimed. 
Many pilgrims randomised to the Control group used facemasks, contrary to the research 
protocol, but it would have been unethical to contradict Saudi Ministry of Health (MoH)’s 
official advice of facemask use while MERS-CoV was circulating in Saudi Arabia during our 
study period. A similar ethical issue applied in 2014 when fear of Ebolavirus disease 
prompted the World Health Organization (WHO) recommendation of facemask respiratory 
protection.” Suboptimal facemask use is the reality at population level but means that 
endpoints measured in our study do not represent the true effect of facemask. Our trial does 
indicate, however, that as a public health intervention, facemask use is not practicable. While 


our study protocol reguired a sample to be collected in participants with ILI, sampling was 
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performed in some who did not meet the ILI definition whilst others were not swabbed when 
symptomatic. Though cRCTdesign, not all occupants in the selected tents participated. On 
average 69% of tent occupants participated in the trial, ranging widely from 10% to 100%, 
with possible dilution of the effect of facemask intervention. The trial was conducted over 
three years,with uneven recruitment over the years, and most participants (58%) recruited in 
the final year (2015). The rate of CRI over study years was 15:5% in 2013, 8-3% in 2014, and 
10-7% in 2015, reflecting the known seasonal variabilityof respiratory viruses, which may 
have affected the outcome of our study. Nine percent of participants in each study arm failed 
to return their diaries or report symptoms, and a similar proportion in each group were 
excluded for being symptomatic on the first trial day. Also, despite randomisation of tents, the 
individual participants in the groups differed in other aspects eg, gender, and use of facemask 
before enrolment (Tables 1 and 4). This could have resulted from uneven tent sizes and 
participation rates. Participating tents varied between the study arms (Facemask: Control 
=149: 169) because some tents, although designated as separate units, were later found to be 
parts of a larger tent. This was more common when several small tour groups were managed 
under a large tour operator and communal activities (eg, meals, congregational prayers, 
sermons) were combined in one large tent. 

Over 80% of participants in our trial practised frequent hand washing, and the compliance 
was higher in the Facemask tents compared to the Control tents (84% versus 82%, p=0-03). 
This high rate of hand hygiene is consistent with findings from other observational studies 
involving Hajj pilgrims. In previous studies, the use of surfactant-based hand washing ranged 
from 32%, among a mix of international pilgrims who attended two hospitals in Mina in 2007, 
to 90% among domestic Saudi Arabian pilgrims hailing from the central region of the country 
who participated in the Hajj 2010.*° The efficacy of hand washing among Hajj pilgrims in 


VRTI prevention should be evaluated in a future trial. 
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Conclusions 


This cRCT shows allocation to facemask use did not protect against clinical or laboratory- 
confirmed viral respiratory infections. Although this CRCT could be repeated with more 
resourcing to improve protocol compliance, it has shown that face mask use is not an effective 
public health interventions to prevent vRTIs at MGs. There is a strong evidence base for the 
effectiveness of vaccination aginst influenza and, as reported, hand washing, as part of the 
Hajj rituals, was frequent. A future study should assess the role of hand hygiene either in 
combination with facemask use or independently as a cost-effective intervention at MGs and 


also explore the reasons for poor compliance with protocol. 
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Panel: Research in context 








Evidence before this study 

The evidence for the effectiveness of mask use against viral respiratory tract infections 
(vRTIs) from the relevant literature for randomised controlled trials (RCTs) was previously 
inconsistent or inconclusive. Six RCTs compared ‘plain surgical facemask’ with ‘no 
intervention’ against influenza-like illness (ILI) and five of these also assessed their 
effectiveness against vRTIs. Synthesised data from these studies indicated that using 
surgical facemasks had an effect on ILI but not on laboratory-confirmed vRTIs. Small 
sample size of individual RCTs limited their findings. 

Added value of this study 

This cRCT, using a large sample, investigates the realistic population use of facemasks in 
preventing respiratory tract infections. Its methodology is openly described and compared 
the offer and use of facemasks versus no facemasks among Hajj pilgrims from Saudi 
Arabia, Qatar and Australia in 2013, 2014 and 2015. Cluster-randomisation was done by 
accommodation tents. Pilgrims in intervention tents were provided with 50 free facemasks 
to be used for at least 5 days and they were followed regularly by trained researchers 
assigned to specific tents. Respiratory symptoms and facemask use were recorded daily in 
each participant’s health diary, and nasal/pharyngeal swabs were collected from the 
symptomatic for real-time, multiplex PCR testing for respiratory viruses. This trial with 
adequate sample size shows facemask use was not associated with reduced clinical 
respiratory infection in both an intention to treat and per-protocol analyses. 

Implications of all the available evidence 

Facemasks are not effective in preventing viral respiratory infections among Hajj pilgrims. 
They were no a popular measure with most study participants reluctant to use them. 
Vaccination should be encouraged as an effectiveintervention and other barrier methods 


such as hand washing should be investigated in a future study. 
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Table 1: Baseline characteristics of participants across the study arms 
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Facemask р (%) Control п (70) 
Tents 
Total tents recruited 149 169 
Male tent 71 (48) 72 (43) 
Countries 
Gulf 137 (92) 151 (89) 
Australia 12 (8) 18 (11) 
Year 
2013 26 (18) 22 (13) 
2014 46 (31) 55 (33) 
2015 77 (52) 92 (54) 
Participants 
Total participants 3,864 3,823 
Participation rate 68% 69% 
Average participation rate per tent 66% 68% 
Gulf 3,575 (93) 3,423 (90) 
Australia 289 (8) 400 (11) 
2013 551 (14) 474 (12) 
2014 1,106 (29) 1,128 (30) 
2015 2,207 (57) 2,221 (58) 
Male 1,891 (49) 1,651 (43) 
Mean (SD) age y 36-9 (12-1) 37-2 (12-5) 
Median (range) age y 34 (18-95) 35 (18-95) 
With any risk factor 741 (19) 715 (19) 
Smoking as the single risk factor 401 (10) 355 (9) 
Pregnancy 32 (2) 31 (1) 
Influenza vaccine uptake 1,929 (50) 1,887 (49) 
Used facemask before recruitment 1,057 (28) 924 (25) 


Table 2: Compliance with facemask and hand hygiene across the study arms 





Used antiseptic/hand rub 1,818 (47) 1,720 (45) 0-07 





This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3349234 


Table 3: The attack rate of viral respiratory infections during Hajj in both arms 
Total swabs Facemask Control p value 


№650 п (%) №358 n (%) №292 n (90) 


Positive 277 (43) 149 (42) 128 (44) 0-57 
Rhinoviruses 228 (35) 121 (34) 107 (37) 0-45 
Influenza viruses 30 (5) 17 (5) 13 (5) 0-86 
Influenza A 29 (5) 17 (5) 12 (4) 0-70 
Influenza A/HIN1 9 (1) 5 (1) 4 (1) 0-98 
Influenza A/H3N2 14 (2) 9 (3) 5 (2) 0-48 
Influenza B 1 (0-2) 0 (0-0) 1 (0-3) 0-27 
Enteroviruses 10 (2) 5 (1) 5 (2) 0-75 
Parainfluenzavirus 1 5 (0-8) 3 (0-8) 2 (0-7) 0-82 
Parainfluenzavirus 2 1 (0-2) 0 (0-0) 1 (0-3) 0-27 
Parainfluenzavirus 3 5 (0-8) 3 (0-8) 2 (0-7) 0-82 
hMPV 2 (0-3) 2 (0-6) 0 (0-0) 0-20 
Human coronaviruses 3 (0-5) 2 (0-6) 1 (0-3) 0-69 
Adenoviruses 3 (0-5) 1 (0-3) 2 (0-7) 0-45 
RSV 2 (0-3) 2 (0-6) 0 (0-0) 0-20 
MERS-CoV 0 (0-0) 0 (0-0) 0 (0-0) - 
Dual infection 13 (2) 8 (2) 5 (2) 0-64 


hMPV= Human metapneumovirus. 
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Table 4: Primary and subgroup analyses by intention to treat 





CRI 


Facemask 


n/N (%) 


Lab-confirmed vRTIs 96/218 (44) 


Influenza vaccinated 44/106 (42) 


Not vaccinated 54/95 (47) 
At higher risk 20/42 (48) 
Not at higher risk 71/164 (43) 
Smokers 11/28 (39) 
Not smokers 80/179 (45) 
Male 45/101 (45) 
Female 51/117 (44) 
Gulf 15/35 (43) 
Australia 81/183 (44) 


Control 
n/N (%) 


60/161 (37) 


37/102 (36) 


21/53 (40) 
12/31 (39) 
45/114 (40) 
5/9 (56) 
53/138 (38) 
28/50 (56) 
32/111 (29) 
17/48 (35) 


43/113/ (38) 


OR 
(95% CI) 


1-35 (0-88—2-07) 


1-3 (0-7—2:2) 


l: 0-7-2-2) 
3 (1-9-4-9) 
1267-1) 
0-5 (0-1-2-8) 
1-3 (0-8-2) 
0-7 (0-3-1-4) 
1-9 (1-2-3) 
1-4 (0-6-3-4) 


1-3 (0:8-2-2) 


Sub-group 


p value 


0-18 


0-31 


0-004 


Interaction p 


value 


0-85 


0-71 


0-33 


0-02 


0-96 


354/3,199 (11) 322/3,139 (10) 1-1 (0-88-1-39) z 
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Influenza vaccinated 


Not vaccinated 


At higher risk 


Not at higher risk 


Smokers 
Non-smokers 
Male 

Female 

Gulf 


Australia 


160/1,677 (10) 
176/1,361 (13) 
86/621 (14) 
254/2,439 (10) 
40/350 (11) 
303/2,721 (11) 
148/1,576 (9) 
206/1,623 (13) 
332/3,043 (11) 
22/156 (14) 


181/1,631 (11) 
131/1,381 (10) 
69/615 (11) 
239/2,399 (10) 
30/311 (10) 
279/2,725 (10) 
120/1,354 (9) 
202/1,785 (11) 
287/2,954 (10) 
35/185 (19) 


CRI=Clinical respiratory infection. vVRTIs=viral respiratory tract infections. 
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0-8 (0-7-1-1) 
1-4 (1-2) 

1-3 (0-9-1-8) 
1-1 (0-8 — 1-4) 
1-2 (0-7-2) 
1-1 (0-8-1-4) 
1-1 (0-8-1-5) 
1-2 (0-9-1-6) 
1-2 (0-9-1-5) 
0-7 (0-4-1-3) 


0-18 
0-03 


0-004 


0-28 


0-86 


0-73 


0-13 


Table 5: Per protocol analysis: effect of facemasks against laboratory-confirmed viral 


respiratory tract infections 





























vRTIs based on facemask use Facemask Control OR* (95% CI; p 
value) 
Did not use facemask 
Laboratory results Positive 29 (45) 50 (41) 
Negative 35 (55) 72 (59) 1-21 (0-87 to 1-69; 
Used facemask daily 0-26) 
Laboratory results Positive 46 (50) 20 (53) 
Negative 47 (50) 18 (47) 























“Analysis includes only participants allocated to facemask who used facemasks daily (n=93) 


and those allocated to Control who did not use facemasks (n=122). 
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Table 6: Per protocol analysis: effect of facemask against CRI 
































CRI based on facemask use Facemask Control | OR* (95% CI; p value) 
Did not use facemask 

Yes 55 (8) 141 (9) 
CRI 

No 648 (92) 1356 (91) 

1-3 (0-99 to 1-83; 0-06) 

Used facemask daily 

Yes 97 (12) 38 (8) 
CRI 

No 731 (88) 425 (92) 























“Analysis includes only participants from Facemask group who used facemasks daily (n=828) 


and those from Control group who did not use facemasks (n=1497). 


32 


Figure 1: Trial profile 
Figure 2: Prevalence of clinical respiratory infection by compliance to facemask use in 
individual tents 


Figure 3: Reasons for not using facemasks across the study arms 
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Figure 1 


Approached 346 tents 
Excluded (n=28 tents) 
e Not meeting inclusion criteria (n=10 tents) 


e Declined to participate (n=18 tents) 
Randomised 318 tents 


















Allocated to facemask group (n=149 tents) Allocated to control group (n=169 tents) 
5,677 participants assessed for eligibility at baseline 5,550 participants assessed for eligibility at baseline 


Excluded (n=1,813 participants) Excluded (n=1,727 participants) 
e 1,665 participants declined e 1,534 participants declined 






e 148 participants <18 years e 193 participants <18 years 


3,864 participants Follow Un 


9 did not record their symptoms at all 9 did not record their symptoms at all 
327 did not return their health diaries 329 did not return their health diaries 
329 were symptomatic on day 1 346 were symptomatic on day 1 


Intention-to-treat analvsis (n=3.199) Analysis Intention-to-treat analysis (n=3,139) 





3,823 participants 





Figure 2 
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facemask trial during the Hajj pilgrimage in Saudi Arabia and presents this protocol 
to illustrate its feasibility and to promote both collaboration with other research 
groups and additional relevant studies. 

Methods/design: A cluster-randomised controlled trial is being conducted to test 
the efficacy of standard facemasks in preventing symptomatic and proven viral RTIs 
among pilgrims during the Hajj season in Mina, Mecca, Saudi Arabia. The trial will 
compare the ‘supervised use of facemasks’ versus ‘standard measures’ among pil- 
grims over several Hajj seasons. Cluster-randomisation will be done by accommoda- 
tion tents with a 1:1 ratio. For the intervention tents, free facemasks will be 
provided to be worn consistently for 7 days. Data on flu-like symptoms and mask 
use will be recorded in diaries. Nasal samples will be collected from symptomatic 
recruits and tested for nucleic acid of respiratory viruses. Data obtained from ques- 
tionnaires, diaries and laboratory tests will be analysed to examine whether mask 
use significantly reduces the frequency of laboratory-confirmed respiratory viral 
infection and syndromic RTI as primary outcomes. 


Conclusions: This trial will provide valuable evidence on the efficacy of standard 
facemask use in preventing viral respiratory tract infections at mass gatherings. 
This study is registered at the Australian New Zealand Clinical Trials Registry 
(ANZCTR), ACTRN: ACTRN12613001018707 (http: //www.anzctr.org.au). 
© 2014 Ministry of Health, Saudi Arabia. Published by Elsevier Ltd. This is an open 
access article under the CC BY-NC-ND license (http: //creativecommons.org/licenses/ 


by-nc-nd/4.0/). 





1. Introduction 


Viral respiratory tract infections (RTIs), including 
influenza, are a major burden to public health. 
During any inter-pandemic year, there are an esti- 
mated 1 billion cases of influenza worldwide with 
3—5 million cases of severe illness and 300,000— 
500,000 deaths [1]. Fear of the global spread of 
serious respiratory disease persists in the light of 
past pandemics, such as the severe acute respira- 
tory syndrome (SARS), the influenza A (H1N1) 
pdm09 virus, and the recent emergence of the 
Middle East respiratory syndrome coronavirus 
(MERS-CoV) [2]. Ever-increasing international tra- 
vel intensifies the risk of the spread of emerging 
novel viruses, further intensifying the concern 
[3]. Mass gatherings such as the Hajj pilgrimage 
pose a particular risk for transmission of respira- 
tory viruses [4,5]. 

Health authorities require cost-effective mea- 
sures that prevent or limit the global transmission 
of respiratory diseases. Facemasks represent a 
simple and cheap supplement to the use of hand- 
washing, antivirals, and vaccination in the control 
of viral ВТІЅ. 

Results from previous studies examining the 
effectiveness of facemasks have been either con- 
flicting or inconclusive [6—17]. A randomised con- 
trolled trial (RCT) in a household setting found 
that adherence to facemask use decreased the risk 
of influenza-like illness (ILI) [7]. Meta-analysis of 
data from 6 trials shows that wearing facemasks is 
protective against ILI, but did not show that 


facemasks are protective against laboratory-con- 
firmed influenza, perhaps due to limitations of the 
studies (Fig. 1) [18]. Interestingly, one nested 
case—control study showed that intermittent face- 
mask use was associated with a significantly greater 
risk of infection among healthcare workers at Hajj, 
suggesting perhaps that infectious material that 
settles on facemasks can become a source of direct 
hand transmission to the respiratory tract [19]. 
Standard facemasks may prevent: (i) acquisition 
of infection by droplet and/or aerosol spread, or 
conversely, (ii) transmission from infected subjects 
[20,21]. 

The major limitation of previous studies is their 
small sample size, and resulting lack of study 
strength to detect important, albeit moderate 
(e.g. 40—50%), protective effects of facemasks on 
laboratory-confirmed influenza or other infections 
[6,18]. The largest study undertaken to date was 
a cluster-randomised trial in 509 households, with 
2788 recruits; it did not find an additional benefit 
from the combination of facemasks and hand 
hygiene over health education (regarding preven- 
tive measures) on the overall rate of laboratory- 
confirmed viral infection, although there was a 
benefit against secondary transmission of RTI 
and laboratory-confirmed influenza. The authors 
pointed to concerns about both under-powering 
of the study and poor compliance with mask use 
[11]. Bin Reza et al. recommended that sufficient 
power may be achieved by larger trials that are 
multi-centred and run for several years [6]. The 
authors of this study contend, in addition, that 
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Mask Control 
Study or Subgroup Events Total Events Total Weight М-Н, Random, 95% Cl 
1.1.1 Influenza-like illness 
Aeillo 2010 99 347 177 487 27.8% 
Canini 2011 24 148 25 158 15.4% 
Cowling 2008 6 60 22 202 8.4% 
Macintyre 2009 19 94 16 100 12.2% 
Macintyre 2011 з 492 6 481 4.5% 
Suess 2012 6 69 14 82 76% 
Subtotal (95% Cl) 1210 1510 75.9% 
Total events 15? 260 


Heterogeneity: Tau? = 0.00; Chi? = 4.90, df= 5 (Р = 0.43); F= 0% 
Test for overall effect: Z= 2.13 (P = 0.03) 


1.1.2 Lab-proven influenza 


Aeillo 2010 5 347 з 487 42% 
Cowling 2008 4 60 6 202 5.0% 
Macintyre 2009 1 94 0 100 0.9% 
Macintyre 2011 5 492 6 481 5.8% 
Suess 2012 6 69 19 82 8.0% 
Subtotal (95% Cl) 1062 1352 24.1% 
Total events 21 34 


Heterogeneity: Таџ? = 0.58; Chi? = 8.83, df= 4 (Р = 0.07); F= 55% 


Test for overall effect: Z= 0.17 (Р = 0.87) 


Total (95% Cl) 2272 
Total events 178 294 


2862 100.0% 


Heterogeneity: Таџ? = 0.07; Chi? = 13.91, df= 10 (Р = 0.18); F= 28% 


Test for overall effect: Z= 1.08 (Р = 0.28) 


Test for subaroun differences: Chi? = 0.46. df= 1 (Р = 0.50). F= 0% 


Fig. 1 
inclusion of an additional study [9,18]). 


taking important steps to improve compliance with 
mask use is also critical to inducing a form of herd 
immunity through widespread mask use. There are 
considerable logistic and cost issues to consider in 
the design and conduct of such trials, but the pub- 
lic health benefits of a positive result could be 
substantial. 

Conducting a trial during the Hajj pilgrimage, 
where approximately 2—3 million people gather 
annually from all corners of the world and stay 
for at least 4 days in tents in the Mina valley, offers 
an excellent opportunity to conduct research in a 
semi-closed setting. 

This study aims to evaluate the efficacy of face- 
masks in preventing laboratory-confirmed respira- 
tory viral infections апа syndromic RTIs. 
Concurrently, the transmission pattern of influenza 
at Hajj will be investigated by studying the genetic 
relatedness between circulating strains using deep 
genomic sequencing. In addition, the uptake of 
influenza will be determined and its effectiveness 
at Hajj will be evaluated using a test-negative 
case—control design. 


2. Methods 


2.1. Primary end point 


• To evaluate the efficacy of facemasks against labora- 
tory-confirmed respiratory viral infections (including 
influenza, MERS CoV and other respiratory viruses) at 
Hajj. 
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Odds Ratio Odds Ratio 


M-H, Random, 95% Cl 


0.70 (0.52, 0.94) 
1.03 (0.56, 1.90] 
0.91 (0.35, 2.36) 
1.33 (0.64, 2.77] 
0.49 (0.12, 1.95] 
0.46 (0.17, 1.28] 
0.78 [0.62, 0.98] 


2.36 (0.56, 9.94] 
2.33 (0.64, 8.56] 
3.22 (0.13, 80.14] 
0.81 (0.25, 2.68) 
0.32 (0.12, 0.84) 
1.08 (0.43, 2.74] 


0.84 [0.61, 1.15] 








H + + 1 
0.001 01 1 10 1000 
Favours experimental Favours control 


Comparison between mask and control groups in randomised trials (adapted from Rashid et al. with the 


2.2. Secondary end points 


* To investigate the transmission pattern of the influ- 
enza virus at Hajj by studying the genetic relatedness 
between circulating influenza viruses using deep geno- 
mic sequencing. 

e To determine the self-reported influenza vaccine 
uptake and evaluate its effectiveness at Hajj using a 
test-negative case—control design. 


2.3. Study design 


A large-scale cluster-randomised controlled trial 
has been planned to compare the ‘supervised use 
of facemasks’ versus ‘standard measures’ (where 
some may choose to use a facemask) among pil- 
grims during three consecutive Hajj pilgrimages. 
Cluster-randomisation to each arm will be in a 
1:1 ratio and will be done according to accommo- 
dation tents. Computer-generated random num- 
bers will be generated by an offsite research 
coordinator who will not take part in the recruit- 
ment or assessment of participants. The randomi- 
sation will be stratified by gender and country of 
residence to ensure a balanced and proportionate 
recruitment. The key steps of the study are shown 
in Fig. 2. 


2.4. Recruitment 


At the 2013 Hajj, over 1000 pilgrims were recruited 
from Saudi Arabia, Qatar and Australia, whereas in 
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Fig. 2 Key steps of the study at the Hajj 2014 (these key steps will remain the same in 2015 except that the 


recruitment dates will advance by 11 days). 


Table 1 Proposed number of pilgrims from each 
participating country. 








Countries Total number Number of 
of pilgrims recruits 

2013 2014 
Saudi Arabia 1,000,000 2,200 2200 
Indonesia 200,000 — 500 
India 170,000 — 450 
Pakistan 150,000 — 350 
Turkey 120,000 — 300 
Bangladesh 65,000 = 200 
Morocco 32,000 — 100 
Malaysia 28,000 — 100 
Australia 5000 200 200 
Oatar 2000 100 100 
Total 1,770,000 2500 4500 





2014/2015, participants will also be recruited from 
at least some of the following countries: Indonesia, 
Malaysia, Turkey, Morocco, India, Pakistan and 
Bangladesh (Table 1). 

Before the commencement of Hajj, all tour 
groups will be provided with detailed information 
about the study while in their own country and 


encouraged to participate. At Hajj, trained study 
staff will approach tour group leaders in each tent 
for recruitment on the first day of the pilgrims’ stay 
in Mina. The research team members will explain 
the study in detail to the assembled pilgrims and 
invite them to participate in the study. If they 
agree, informed consent will be obtained and a 
baseline questionnaire will be completed which 
will include data on demographics and clinical 
information, such as recent respiratory symptoms 
(Appendix A). Participants and caregivers will not 
be blinded to the randomisation and will be 
informed about their allocation (supervised face- 
mask wearing or standard care); however, labora- 
tory staff and statistical analysts will be blinded 
to the allocation. 


2.5. Inclusion and exclusion criteria 
2.5.1. Inclusion 


e Pilgrims from participating countries staying in their 
respective tents. 

e Age > 18 years. 

e The participant should be able to provide signed 
informed consent. 
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2.5.2. Exclusion 


e Age < 18 years. 

e Participation in another clinical trial investigating a 
medical intervention that may interfere with the 
study outcome measures, like laboratory-confirmed 
viral RTI. 

e Any known contraindication to mask use (e.g., allergy 
to standard [surgical] mask materials). 

e Refusal/or inability to sign the consent form. 


2.6. Data collection 


For the tents assigned to mask use, 30 facemasks 
will be provided to each participant, to be worn 
continuously (24/7 if possible), and replaced every 
six hours (sooner if wet), for use during the 4 days 
at Mina, including Arafat, and preferably for the 
additional 3 days after leaving Mina. 

The standard facemask for this study is ‘3M™ 
Standard Tie-On Surgical Mask, Cat No: 1816’. 
Masks may be briefly removed for eating, praying, 
washing, brushing teeth, or if the pilgrim experi- 
ences discomfort. Oral and written information 
about the instructions for correct mask wearing 
and disposal will be provided to the mask group 
(Appendix B). Study staff will practically demon- 
strate the correct method of how to wear a mask 
and also help pilgrims put on their masks for the 
first time. Small plastic bags will be provided for 
mask disposal and subjects will be instructed to 
discard the plastic bag containing used masks into 
local waste bins. A subset of used masks will be 
saved for further testing by multiplex viral PCR. 

A research team member will visit tents each 
morning and evening to distribute additional 
facemasks should pilgrims require extra, and to 
document the development of any reported RTI 
symptoms. 

Study staff will inter alia record each tent num- 
ber, the number of people recruited, and the total 
number of people in each tent. Pilgrims will be pro- 
vided with a Hajj Health diary (Appendix C) for the 
4 days at Mina (corresponding to 2014 with 2—5 
October) and a second diary, hitherto named 
post-Hajj Health diary (Appendix D), for the next 
3 days after leaving Mina. Each diary will have a 
unique identifying barcode linked to the study par- 
ticipant number. The diaries (Appendices C and D) 
will contain questions on demographics, medical 
conditions, and influenza vaccination history. Each 
participant, whether in an intervention or a control 
tent, will provide information about the presence 
or absence of respiratory symptoms and fever in 
the diary every day, whenever it is most convenient 


(morning or evening). Pilgrims will also record in 
their diaries the amount of time they have worn 
the mask, the number of masks used that day and 
whether they were wearing one during their sleep 
overnight. In addition to English, the study docu- 
ments (diaries and questionnaires) will be available 
in various languages, including Arabic, Bahasa Indo- 
nesia and Bahasa Malaysia, and the multilingual 
research team members will remain available to 
help the participants who do not speak English. 

Masks will not be provided to anyone in the con- 
trol tents, although pilgrims may use their own sup- 
ply of masks. 

The Hajj Health diary (Appendix C) will be col- 
lected on the evening of the fourth day. At the 
same time, the post-Hajj Health diary (Appendix 
D) will be distributed to these pilgrims with self- 
addressed prepaid envelopes. Pilgrims will be 
instructed to post these diaries to the researchers 
or tour operators may collect them on behalf of 
the study. Pilgrims whose Hajj Health diaries 
(Appendix C) were not collected on the fourth 
day will be instructed to return them together with 
their post-Hajj Health diaries (Appendix D) in the 
same envelope. 


2.7. Specimen collection and testing 


In both groups, the study staff will actively search 
for pilgrims suffering from RTI (defined as subjec- 
tive or measured fever and at least one respiratory 
symptom such as cough, sore throat and rhinor- 
rhoea) twice a day. A nasopharyngeal (NP) swab 
(or throat swab if an NP swab is too difficult to 
obtain) will be collected from symptomatic pil- 
grims by a trained staff member for later molecular 
diagnostic testing to detect respiratory viruses. 
The swab used will be a Copan Nylon® Flocked 
nasal swab in a viral transport medium. 

As a part of the routine care, pilgrims in both 
groups will be supplied with generic medications 
(such as acetaminophen and ibuprofen) for fever 
or aches. 

The swabs will be stored within 2—3 h of collec- 
tion at —20 °C and later shipped for molecular diag- 
nostic testing at the Centre for Infectious Diseases 
and Microbiology Laboratory Services (CIDMLS), 
Westmead Hospital, NSW, Australia. Pilgrims will 
be asked to provide their email address, phone 
number and mail address if they wish to receive 
the result of the laboratory test. Nucleic acid test- 
ing using a multiplex reverse transcriptase poly- 
merase chain reaction (RT-PCR) for influenza A 
and B, MERS-CoV and other coronaviruses, parain- 
fluenza viruses (types 1, 2, 3 and 4), RSV A and B, 
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adenoviruses, human metapneumovirus (hMPV), 
and picornaviruses will be performed on nasal 
swabs. 


2.8. Transmission dynamics 


To determine the transmission patterns of influ- 
enza viruses among Hajj pilgrims, complete 
genome sequence of influenza viruses will be 
obtained using a next-generation deep sequencing 
protocol — using the Illumina MiSeq sequencer 
available at the Westmead Hospital — which will 
generate multiple reads per host (~1000x coverage 
per host). All sequence data generated will be 
assembled and aligned using the Geneious 
(http: //www.geneious.com) and VICUNA packages 
[22], with downstream phylogenetic (and other 
evolutionary) analysis undertaken using the Gene- 
ious, Seminator [23], PhyML [24] and BEAST pack- 
ages [25]. With these data in hand, it will be 
possible to investigate: (i) whether the study par- 
ticipants were infected prior to or during the Hajj, 
(ii) whether there was direct viral transmission 
among the study participants (such that they har- 
bour very closely related ‘majority’ and ‘minority’ 
genetic variants), and (iii) if direct transmission is 
established, whether this occurs more frequently 
in the mask versus control groups. 

Respiratory samples will be stored for 2 years to 
revalidate any results, and then discarded accord- 
ing to the standard operating procedure of CIDMLS. 


2.9. Follow up 


All participants will be followed up (e.g. by tele- 
phone, mail, email) in their country of residence 
to collect their post-Hajj Health diaries (as well 
as Hajj Health diaries if not collected earlier). Con- 
sent to study participation allows for the contact of 
GPs/family physicians (if available) to validate any 
clinical detail, including vaccination history and 
subsequent infection, GP consultation, or hospital 
admission. 


2.10. Data analysis 


Data available from questionnaires, diaries and 
laboratory tests will be analysed anonymously to 
examine whether mask use makes a significant dif- 
ference in reducing the frequency of laboratory- 
confirmed respiratory viral infection (including 
influenza, coronavirus or other respiratory viruses) 
or syndromic RTI. The primary endpoints (efficacy 
of facemasks against RTI and laboratory-confirmed 
viruses respectively) will be analysed by intention- 
to-treat. 
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The self-reported uptake rates of influenza vac- 
cination will be determined and vaccine effective- 
ness will be estimated based on the case-negative 
case—control methodology. 

The results from the genomic sequencing of the 
influenza virus will assist us in understanding the 
genetic relatedness of circulating influenza strains 
at Hajj and the transmission pattern of influenza 
among pilgrims. 


2.11. Sample size calculation 


Assuming a moderate intra-cluster correlation of 
10% and a mean of 75 participants per cluster 
(tent), and inflating the sample by a moderately 
large factor of 8.4 to account for clustering, the 
sample size required for a cluster-randomised con- 
trolled trial to detect a reduction in laboratory- 
confirmed viral respiratory infection from 12% to 
6% with 80% power at 5% significance is 2976 per 
arm. An additional inflation factor of 1.18 will 
allow for up to a 15% loss to follow-up, loss due 
to a priori infection with high penetration or 
incomplete outcome data. These results in a sam- 
ple size of approximately 3500 participants per 
treatment making a total of 7000. 

For the first primary outcome (clinical/syn- 
dromic RTIs) a smaller sample would be sufficient 
to answer a more generic question, namely preven- 
tion of symptomatic RTI. The sample size required 
for detecting a reduction from 30% prevalence of 
RTIs to 15% with 80% power at 5% significance and 
adjusting for clustering and loss of follow-up is 
about 1170 participants per treatment making a 
total of 2340 [26,27]. 

To achieve the full sample size, the aim will be 
to conduct the study over three years. It will be 
attempted to recruit a proportionate (or balanced) 
number of pilgrims from each participating country 
according to the number of pilgrims attending Hajj 
from these countries (see Table 1). 


2.12. Ethical implication 


The trial has received approval from an Australian 
Human Research Ethics Committee (NSW HREC 
Ref: HREC/13/HNE/265), and the Joint Institu- 
tional Review Board (J-IRB) of Hamad Medical Cor- 
poration - Weill Cornell Medical College in Qatar 
(IRB Number: 13-00039). The study coordinators 
of each participating country will provide a modi- 
fied Ethics Committee submission for collaborators 
and assist them in applying for ethical approval 
from the relevant Committees. Only participants 
who provide written informed consent to take part 
will be included in this study. Participants will be 
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told that taking part in this study would be volun- 
tary and confidential. All participants will be 
assigned a study identification (ID) number. Data 
will be collected and stored under this number 
only, so that all data are stored anonymously using 
study ID number. Hard copies of the questionnaires 
will be stored securely in a locked filing cabinet in 
locked offices and electronic data will be stored in 
password-protected computer files. Only members 
of the research team will have access to the data. 
The hard copies will be retained for at least 
15 years (or more, if the data management proto- 
col of the participating country requires so) and 
will be disposed according to standard data man- 
agement guidelines. 


3. Discussion 


If conducted successfully, this study will be the 
largest trial assessing the efficacy of standard face- 
masks against RTIs (including influenza), and thus 
would add to the evidence compendium on physical 
interventions for response to an influenza pan- 
demic. In addition, this will be one of the largest 
studies to be conducted at Hajj involving extensive 
international collaboration. Additionally, this study 
will address the newly emerged MERS-CoV threat 
and the potential role of facemasks in its preven- 
tion. It is also hoped to involve international 
collaborators in studying the burden of nasopharyn- 
geal acquisition of antibiotic-resistant colonising 
microbes, and assessing the impact of facemask 
use on the prevention of such infections. 
However, there are many challenges. An effi- 
cient orchestration of the trial is needed to achieve 
the study objectives; this include training a large 
number of study research volunteers (n= 500), 
leading the team to conduct the trial, appropriate 
data collection, and storage and transport of sam- 
ples in optimum temperature. Additionally, the 
compliance with facemask use in intervention tents 
must be optimised. Some ‘‘contamination’’ may 
occur whereby subjects in control tents may use 
facemasks. These issues would be addressed by 
analysing data with respect to compliance of face- 
mask use, in addition to intention-to-treat analysis. 
Study staff will visit the intervention tents twice a 
day to encourage mask use and advise people if they 
have problems with wearing facemasks. Study staff 
will similarly visit the control tents and encourage 
the recruits to strictly maintain a record of any 
facemask use, to complete their diary and to col- 
lect samples from symptomatic pilgrims. A recent 
pilot study showed that high compliance could be 
achieved, up to 76%, where facemask usage was 
recommended and the purpose explained [28]. 


The MERS-CoV threat may impact this study in 
another way. While it highlights the significance 
of this trial in investigating respiratory diseases at 
Hajj, the Saudi Arabian Ministry of Health has rec- 
ommended that those at high risk of MERS infection 
(e.g. those with chronic medical conditions, preg- 
nant or aged 65+ years) postpone their pilgrimage 
and that those who perform Hajj use facemasks 
in crowded places and amongst coughing pilgrims 
[29]. This means that the confounding behaviour 
of controls will be carefully measured and included 
in multiple regression analysis. 

All diaries may not be returned despite the sin- 
cerest of efforts. Pilgrims are required to post 
the second set of diaries (post-Hajj Health diaries) 
in reply-paid self-addressed envelopes, which they 
might not do on time. To optimise the return of the 
diaries, their study coordinators in respective 
countries will send phone/mail reminders to the 
recruits, and tour operators will assist in diary 
collection. 

Data quality may not be optimum as it relies on 
self-reported symptoms. Reporting of RTI symp- 
toms may be dictated by the patient’s interests: 
patients may report more specific symptoms to 
their physicians to get a prescription for antipyret- 
ics/pain killers. Study staff will frequently monitor 
this, but continuous monitoring will not be feasible. 

In addition, the short follow-up duration of this 
trial means there is a possible failure to detect 
some infections. The incubation period of respira- 
tory viruses may range from less than 2 days 
(e.g., rhinovirus and influenza) to more than 5 days 
(adenovirus, MERS-CoV) [30,31]. However, it is 
believed that post-Hajj Health diaries will reduce 
this shortcoming to some extent. 

Despite these limitations, if successful, this pro- 
ject will provide valuable data on the efficacy of 
simple facemasks in preventing viral respiratory 
infection in Hajj pilgrims. It is believed that this 
data may be useful to other mass gatherings, such 
as the Olympics, and perhaps to other closed set- 
tings such as hospitals, schools, airplanes, ships 
and airport settings. It also represents a powerful 
opportunity to study precise patterns of virus trans- 
mission through detailed comparison of circulating 
viral strains. It is hoped that the outcomes of this 
study will inform global health authorities about 
the effective control of respiratory viral infection. 
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